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Abstract. The paper presents the automated segmentation of spleen and liver 
from contrast-enhanced CT images of normal and hepato/splenomegaly popula-
tions. The method used 4 steps: (i) a mean organ model was registered to the 
patient CT; (ii) the first estimates of the organs were improved by a geodesic 
active contour; (iii) the contrast enhancements of liver and spleen were esti-
mated to adjust to patient image characteristics, and an adaptive convolution re-
fined the segmentations; (iv) lastly, a normalized probabilistic atlas corrected 
for shape and location for the precise computation of each organ’s volume and 
height (mid-hepatic liver height and cephalocaudal spleen height). Results from 
test data demonstrated the method's ability to accurately segment the spleen 
(RMS error = 1.09mm; DICE/Tanimoto overlaps = 95.2/91) and liver (RMS er-
ror = 2.3mm, and DICE/Tanimoto overlaps = 96.2/92.7). The correlations (R2) 
with clinical/manual height measurements were 0.97 and 0.93 for the spleen 
and liver respectively. 

1   Introduction 

We are working towards using the fully automated segmentation of the spleen and liver 
as a volumetric diagnostic tool. It had been noted that the 3D shape and size variability 
of liver and spleen can be an indication of disorders [3,21]. The implementation of a 
fully automated segmentation allows the radiologist and other health professionals for 
an easy and convenient access to organ measurements, while avoiding time-consuming 
manual measurements or biased diagnosis based on 2D projection images [2]. We 
propose a method to segment the liver/spleen independent of morphological changes 
due to disease and/or normal anatomical variability. 

In clinical practice, the liver size is estimated by height measurements at the mid-
hepatic line; similarly, the spleen height is measured as the cephalocaudal height. 
Liver height, for instance, does not fully characterize the morphology of the liver, 
such as accounting for an enlarged left lobe. Spleen measurements suffer from similar 
shortcomings. Alternatively, studies have relied on the liver/spleen volume computed 
by multiplying the calculated slice area from manual segmentations by the slice 
thickness. [8]. 

A variety of automated and interactive methods to segment the liver have been 
proposed. A technique based on statistical analysis and dimensionality reduction from 
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sparse information models was presented in [5]. In [4] a shape-guided deformable 
model was introduced using an evolutionary algorithm, but unacceptable segmenta-
tions were omitted in the analysis. Most recently, active contours using gradient vec-
tor flow were used to address both liver and hepatic tumor segmentation [12], while a 
hierarchical statistical atlas was employed in [13]. These methods suffer from either 
heavy manual initialization or present significant segmentation errors. 

In 2007, a liver segmentation competition from computed tomography (CT) data 
was held [6]. Amongst the automated techniques, most notably a combination of 
shape-constrained statistical deformable models based on a heuristic intensity model 
had the best performance amongst automated methods [10] with slight under-
segmentation of the liver. Region growing was used in [16] with good results, but the 
technique was sensitive to liver abnormalities. A semantic formulation of knowledge 
and context was presented in [17], but the segmentation overlap was only 84%.  

Despite the abundance of research on liver segmentation, there are few studies fo-
cusing on the spleen. However, the segmentation of abdominal multi-organs, includ-
ing the liver and spleen, has been addressed, but with limited accuracy. In [19,22] a 
priori probabilistic data were used in combination with measures of relationship and 
hierarchy between organs and manual landmarks. On a different note, multi-
dimensional data from contrast-enhanced CT were employed in [9,11,18], applying 
variational Bayesian mixture and tissue homogeneity constraints.  

We propose a method that involves a combination of appearance, enhancement, 
and shape and location statistics to segment both the spleen and liver. For the coarse 
estimation of organs, mean models from an atlas of both liver and spleen are aligned 
to the patient contrast-enhanced CT image. The estimation is improved by a geodesic 
active contour. Subsequently, the patient specific contrast-enhancement characteris-
tics are estimated and passed to an adaptive convolution. Only homogenous tissue 
areas that satisfy the enhancement constraints are labeled as liver/spleen. Lastly, 
shape and location information from the normalized probabilistic atlas are utilized to 
provide an accurate representation of each organ’s morphology.  

2   Methods and Materials 

2.1   Data and Statistical Information 

192 abdominal CT scans of patients from a mixed population were used; 52 normal 
livers, 43 normal spleens, 94 splenomegaly (enlarged spleen) and 40 hepatomegaly 
(enlarged liver) cases. Patients were injected with 130ml of Isovue-300 and images 
acquired at portal venous phase using fixed delays or bolus-tracking [7]. Data were 
collected on LightSpeed Ultra and QX/I (GE Healthcare), and Brilliance64 (Philips 
Healthcare) scanners. Image resolution ranged from 0.62 to 0.82 mm in the axial view 
with a slice thickness from 1 to 5 mm. The livers and spleens were manually 
segmented in 14 training and 20 testing CT scans, while their heights (mid-hepatic 
liver height and cephalocaudal spleen height) were manually measured in all data. 

For additional tests, we used 20 more contrast-enhanced CT scans with manual 
segmentations of the liver downloadable from www.sliver07.isi.uu.nl, addressed as 
MICCAI data in the paper. These CT data were used for the MICCAI 2007 liver 
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segmentation competition and were acquired in transversel plane with pixel spacing 
between 0.55 and 0.80 mm and inter-slice distance between 1 and 5 mm. Contrast-
enhanced images corresponded to mainly pathological cases and were acquired on a 
variety of scanners from different manufacturers. 

A probabilistic atlas A was constructed from 10 random CT sets (not included in 
the training or testing data) after manually segmenting the liver and spleen in each 
image. Organ locations were normalized to an anatomical landmark (xiphoid). A 
random image from the set was used as reference R and all other images registered to 
it. We conserved morphological variability by using a size-preserving affine registra-
tion. Restricting the degrees of freedom in the transformation (no shear), the organ 
shape bias from the reference data is minimized. Preserving the size of organs and 
normalizing their position to that of the xiphoid, we obtain abdominal location nor-
malization with no bias toward the reference size and location. Finally, organs were 
translated in the atlas to the location of the average normalized centroid. 

2.2   Registration and Segmentation 

From the construction of A, a mean model A  was extracted for each organ. Then the 
patient CT (I) was smoothed with anisotropic diffusion [14] and the result is Is. First, 
an affine registration between R and I was perfomed. The resulting spatial 
normalization was then applied to both A and A , which became Aa and aA . The 
affine registration was based on normalized mutual information M [20], where 
p(I, aA ) is the joint probability distribution of images I and aA , and p(I) and p( aA ) 
their marginal distributions.  
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Next, a more flexible registration of aA was required to compensate for the residual 
deformation, resulting in 

rA . We employed the non-linear registration algorithm 

based on B-splines [15]. B-splines allow to locally control the deformation T and a 
compromise between the similarity provided by M and smoothing S was searched. 
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To account for possibly missing parts of spleen and liver, a geodesic active contour 
(GAC) [1] was implemented to correct the organ boundaries based on contrast-
enhanced image intensities. To initialize the model, 

rA was input as zero-level into a 

GAC Ig. The edge features Ie were computed from the sigmoid of the gradient of Is. 
The weights w1, w2 and w3 control respectively the speed c, curvature k and attraction 
to edges. In our experimental setup, w1, w2 and w3 were set to 1, 0.2 and 1 respectively. 
Parameters α and β of the image sigmoid were 10 and 8 respectively. 
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2.3   Estimation of Enhancement and Shape Correction 

A common difficulty in processing contrast-enhanced CT data is the estimation of the 
optimal time for image acquisition. In practice, fixed delays or bolus-tracking tech-
niques [7] are used to approximate the portal venous phase and can yield a different 
enhancement and appearance of organs. Hence, variations in an organ’s enhancement 
are common and vary between late-arterial and late-portal venous phases. As both the 
liver and spleen enhance homogeneously at portal venous phase, we estimated the 
level of enhancement of these organs to reject volumes that were erroneously cap-
tured by the GAC. First, the masks of liver and spleen provided by the GAC segmen-
tation are used to computed the mean (μj) and standard deviation (σj) of the organs 
(j=1,2 for liver and spleen). Then outliers are rejected to compute

jj
jI σμ 2max += , and 

jj
jI σμ 2min −=  to account for each organ enhancement.  

jImax
and jImin are input to an adaptive erosion filter that is applied to Ig. Thus only 

regions for which all their voxels in the erosion element E satisfy the intensity criteria 
are labeled as organs of interest. L represents the labeled image and lj the labels. L is 
then dilated to account for the convolution with E. Finally, the normalized Aa (see 
Section 2.2) is used to correct the shape of the liver/spleen in L. Aa resulted from 
applying an affine transformation (no shear) to the probabilistic atlas constructed with 
restricted degrees of freedom (preserving the shape).  S is the image of the segmented 
liver and spleen.  
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The volume overlap (VO) of the automatically segmented livers and spleens with the 
manual segmentations, and Dice coefficient (DC) were calculated. 
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To correlate with clinical evaluations of liver performed by linear measurements of 
organ height, the mid-hepatic line (MHL) was approximated at the half-distance be-
tween the mid-point of the spine and the outer surface of the liver. Then the maximum 
liver height along the sagittal plane at the location of MHL was computed. The spleen 
cephalocaudal height was calculated as the Euclidean distance between the top and 
bottom sagittal slices containing the spleen. 
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3   Results 

Quantitative results from applying our method to the segmentation of liver and spleen 
are presented in Table 1. We present DC and VO overlaps next to volume estimation 
error (VER), height estimation error (HER), root mean square error (RMSE) and 
average surface distance (ASD). Training cases were of low resolution, while test 
cases of higher resolution: 5mm and 1mm slice thickness respectively. We compared 
results on training data at incremental steps of the algorithm. Results on testing the 
algorithm on the MICCAI liver data are also provided in Table 1. The segmentation 
score was 69, comparable to that of 68 of the competition winner, after using the 
evaluation tools provided by the competition organizers [6]. Note that our score was 
obtained on different cases provided by the organizers for training, as we did not have 
access to the test data used in [6]. Table 1 further presents inter-observer variability 
for the segmentation of liver and spleen.  

Table 1. Statistics for the liver and spleen segmentation results from training and test data. 
Results at incremental steps of the algorithm are presented for training data: “Atlas”- after non-
rigid registration with the probabilistic atlas; ‘EE’ after enhancement estimation correction; 
‘Shape’ after employing the shape and location correction. Columns present the Dice 
coefficient (DC), volume overlap (VO), volume estimation error (VER), height estimation error 
(HER), root mean square error (RMSE) and average surface distance (ASD).   

 DC 
(%) 

VO 
(%) 

VER (%) HER (%) RMSE 
(mm) 

ASD (mm) 

Training Liver ‘Atlas’ 90.9±3.7 83.6 ± 6  14.9±9.6 12.2±13.2 4.4±2.1 2.6±1.2 
Training Liver ‘EE” 94.3±1.5 89.3±2.6 3.3±3.7 3.7±3.7 3.8±1.8 1.7±0.8 
Training Liver ‘Shape’ 94.5±0.8 90 ± 1 2 ± 2.1 3.4±3.1 2.9±0.5 1.5±0.3 
Test Liver 96.2±0.6 92.7±1.1 2.2±2.1 4.5±6.6 2.3±0.5 1.2±0.2 
MICCAI Liver 95.9±0.9 92±1.8 2.9±2.3 4.3±4.6 2.9±1 1.4±0.5 
Training Spleen ‘Atlas’ 87.5±4.8 78±7.5 13.6±10 9.7±9.2 2.9±1.2 1.6±0.7 
Training Spleen ‘EE” 91±2 83.5±3.3 6.6±5.3 3.5±3.4 2.1±0.5 1±0.2 
Training Spleen ‘Shape’ 90.6±2.1 83±3.5 5.5±4.9 3.5±5.1 2.1±0.6 1.3±0.8 
Test Spleen  95.2±1.4 91±2.6 3.3±2.7 1.7±0.7 1.1±0.3 0.7±0.1 
Inter-observer Liver 96.4 92.3 1.25 3.9 1.7 0.7 
Inter-observer Spleen 96 92.4 2.26 1.67 0.9 0.38 

 
Figure 1 shows a typical example of liver and spleen segmentation from a test case 

on 2D axial slices of the 3D CT data. Figure 2 illustrates another example of segmen-
tation in 3D along with the segmentation errors between manual and automated seg-
mentation. Finally, automated volumetric and linear 3D measurements were obtained 
for an additional 168 clinical cases: 19 had normal spleens, 29 had normal livers, 
while 94 had splenomegaly and 40 cases had hepatomegaly. The height correlations 
(R2) between the automatically segmented spleens and livers and the manual linear 
measurements obtained in clinical practice were 0.97 and 0.93 for spleen and liver 
respectively, as shown in Figure 3.  
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Fig. 1. A typical example of liver (blue) and spleen (green) automatically segmented from a test 
case on 2D axial views of the 3D CT data. Note the good separation from the heart; parts of the 
inferior vena cava (IVC) are incorporated in the liver when contrast enhancement is low. 

 
Fig. 2. 3D volume renderings of the segmented liver and spleen; (a) is a posterior view and (b) 
an anterior view. The liver ground truth is shown in blue with automated segmentation errors 
overlaid in white; likewise, the spleen ground truth is green and errors are in yellow.  

 
Fig. 3. The correlations (R2) between automatically generated (CAD) organ height and the 
manual measurements obtained in clinical practice; (a) shows correlated liver heights at the 
mid-hepatic line (MHL) from mixed normal and hepatomegaly cases; (b) presents correlated 
spleen cephalocaudal heights from mixed normal and splenomegaly cases. 

IVC IVC 

a b

a b
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4   Discussion 

The proposed method involves a combination of appearance, shape and location sta-
tistics to automatically segment livers and spleens from clinical contrast-enhanced CT 
data of mixed populations with normal and abnormal organs. Data from various insti-
tutions and scanners were employed. The patient specific contrast-enhancement char-
acteristics were estimated and input into an adaptive convolution that labeled only 
homogenous tissue areas that satisfy the enhancement constraints of the liver/spleen. 
Additionally, shape and location information from the normalized probabilistic atlas 
were utilized to improve the accuracy of the segmentation. Results demonstrated the 
ability of the technique to segment normal and abnormal spleens with a precision 
close to the inter-observer variability and errors close to the voxel size. 

The method avoided the inclusion of heart volumes in the segmentation of the 
liver. Although the inferior vena cava was not incorporated in the liver in the majority 
of cases, parts of the vein may be errouneously segmented in the mid-cephalocaudal 
liver region, especially when contrast enhancement was low. Also note that the 
MICCAI data included pathological cases, which made the segmentation of the liver 
(including the pathologies) more difficult. As expected, segmentation results were 
more accurate on data with high spatial resolution.  

We found that using shape information from a normalized probabilistic atlas 
changed/improved significantly (p<0.05) only the liver volume estimations (see Table 1). 
This may be explained partly by the small sample of cases used to construct the atlas. But 
the improvement brought by the adaptive convolution using enhancement estimation and 
adjusting the parameters to patient specific information was significant for all metrics 
used in Table 1 (p<0.04) in comparison to atlas-based segmentation. 

Future work will investigate the use of volumetric measurements to establish more 
robust diagnosis criteria for the detection of hepato/splenomegaly, and will address 
additional challenges from a variety of abdominal pathologies. We anticipate to have 
our method used in routine clinical investigations in the near future. 
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